In 1932 Hamilton and Schwartz (1) described a method for the detection of small amounts of parathyroid hormone, three to five units, in preparations of the hormone and in blood. In 1936 Hamilton and Highman (2) presented certain modifications of this test designed to make the method particularly applicable to the detection of abnormally large amounts of parathyroid hormone in the blood of patients suspected of having increased parathyroid function. The test consists, briefly, in measuring the increase in the serum calcium of a rabbit at definite intervals after the rabbit has received an intramuscular injection of the blood or preparation containing parathyroid hormone, the animal being given amounts of calcium chloride solution by stomach tube at definite periods during the experiment.
In 1932 Hamilton and Schwartz (1) described a method for the detection of small amounts of parathyroid hormone, three to five units, in preparations of the hormone and in blood. In 1936 Hamilton and Highman (2) presented certain modifications of this test designed to make the method particularly applicable to the detection of abnormally large amounts of parathyroid hormone in the blood of patients suspected of having increased parathyroid function. The test consists, briefly, in measuring the increase in the serum calcium of a rabbit at definite intervals after the rabbit has received an intramuscular injection of the blood or preparation containing parathyroid hormone, the animal being given amounts of calcium chloride solution by stomach tube at definite periods during the experiment.
In this communication we present our results obtained with the Hamilton and Highman test, and related blood chemical studies, in patients with chronic nephritis. The parathyroid glands of some of the patients were examined postmortem. Results obtained in toxic goiter and Paget's disease of bone are also briefly presented and discussed.
REVIEW OF LITERATURE
In the past six years Hamilton and his coworkers have applied this test to studies of the amounts of parathyroid hormone in the blood of experimental animals and of patients in whom hyperfunction of the parathyroid glands was suspected. These authors performed the test on the blood of 38 normal individuals; in these experiments the greatest rise in rabbits' serum calcium obtained in any experiment at either the three-hour or five-hour period after injection of the blood into the rabbits was 023 mM. per liter (2) . These findings in normal individuals are used as a control basis; the finding of an increase of 0.30 mM. or more in the serum calcium of a rabbit is taken to indicate abnormally increased parathormone in the blood of a patient under study; the test is not applicable to the measurement of abnormally small amounts of circulating parathyroid hormone (2).
Hamilton and Schwartz (3) found evidences of increased parathormone in the blood, according to their test, in 9 of 12 rachitic rabbits. In this same communication the authors also reported that the blood calcium of the rachitic rabbits increased immediately and markedly when calcium chloride was administered to the animals by stomach tube, whereas there was a much more moderate rise in the calcium concentration in a series of normal rabbits so tested; the authors have since reported that these results could not be reproduced in other series of rachitic rabbits (4 (8, 9) and with the findings of Hoffmann et al. (10, 11) , who demonstrated the presence in blood from pregnant women of a substance which behaves like parathyroid hormone. Hamilton et al. (7) point out that whereas increased parathyroid hormone was only occasionally found by their test in the blood of women in the tenth month of pregnancy, Hoffmann (10) found in this period the greatest amount of substance which acted like parathyroid hormone.
Highman and Hamilton found abnormally great amounts of parathyroid hormone in the blood of 20 of 23 patients with chronic nephritis and elevated blood urea nitrogen (12) . Shelling and Remsen (13) reported a case of renal rickets with elevated concentrations of nitrogen and inorganic phosphorus in the blood, which case showed increased parathyroid hormone in the blood according to the Hamilton and Schwartz test, and at postmortem examination showed four markedly enlarged parathyroid glandules. These authors mention that the results of the Hamilton and Schwartz test were negative in other cases of renal rickets. Bass and Paxter (38) recently performed the "Hamilton test" on two occasions in one patient with renal rickets; on one of these occasions the result was " suggestively positive," on the other trial, negative.
The present authors (14) , in a preliminary communication, reported that 4 of 6 patients with thyrotoxicosis showed increased parathyroid hormone in the blood, according to the criteria of Hamilton and Highman.
Kajdi and Shelling (6) performed the Hamilton and Schwartz test in patients suffering from various skeletal diseases including Paget's disease, xanthomatosis ossium, the cases of renal rickets and the one with rickets mentioned above, and a case of osteitis fibrosa. The case of osteitis fibrosa, the one with rickets, and one of those with renal rickets showed increased blood parathyroid hormone; the other cases did not.
Hamilton and Schwartz have found a considerable variation in the magnitude of the serum calcium increase in different rabbits after a given amount of parathyroid has been injected (1). In the animals into which 1.5 or more units of parathormone per kilo were injected, however, the highest serum calcium values attained, either at the three-hour or five-hour period, were always greater than any occurring in control animals to which calcium chloride was given by stomach tube but to which no parathormone was administered. Dyer (15) In 82 per cent of the animals the control calcium concentrations of the sera were from 2.8 to 3.4 (inclusive) mM. per liter, the extreme limits for all animals being 2.4 mM. and 3.5 mM. per liter. In approximately 75 per cent of the experiments, sufficient blood was drawn from the rabbits to make duplicate measurements of the serum calcium on all three occasions of sampling; i.e., at the control, three-hour, and five-hour periods. It was noted rather frequently that the withdrawal of 10 cc. of blood on three successive occasions caused a considerable lowering of the hematocrit; it was presumed that lowering of serum protein also occurred and that this effect might occasionally mask a rise in the diffusible serum calcium. It was learned by personal communication from Dr. Hamilton that in his laboratory only sufficient blood for a single measurement of calcium was drawn at each period. We repeated the test in this manner in several patients in whom results had been negative previously when blood samples large enough for duplicate calcium measurements had been drawn; in each instance negative results were also obtained on these repeat trials.
The calcium concentrations of the sera of the rabbits and of the patients were measured according to Fiske and Logan (16), inorganic phosphorus concentrations of the sera according to Fiske and Subbarow (17) . Plasma phosphatase measurements were made by the original method of Kay (18), by which method the upper limit of normal values in adults is 0.21 units. Nonprotein nitrogen was measured on the trichloracetic acid filtrate of the serum by the micro-Kjeldahl method. Total protein was measured by the macro-Kjeldahl method (19) .
RESULTS

Normal individuals
The Hamilton and Highman test was performed in 5 instances in 4 normal adult subjects. The maximum increase in calcium of any of the test rabbits was 0.19 mM. per liter ( Table I ). The ized cases died within a few weeks of the time of our studies. Usual therapeutic procedures were employed in these cases. The nonprotein nitrogen of the serum was elevated in every case; the inorganic phosphorus was elevated in all but two cases (Cases 13 and 14) . The protein of the serum was less than 6.5 grams per cent in 8 cases. The calcium of the serum of all cases was between 3.9 and 10.0 mgm. per 100 cc.; the highest calcium value of 10.0 mgm. was found in a case with renal rickets (Case 15).1
In 10 of the 15. patients the serum calcium was less than 7.0 mgm. per 100 cc.; the two very lowest concentrations of calcium were found in patients with the lowest concentrations of serum protein. The phosphatase of the plasma was markedly elevated in the two patients with renal rickets (Cases 12 and 15); in one other case a somewhat elevated value was found (Case 9).
In 18 of the 19 experiments the Hamilton and Highman test was negative, the maximum rises in the calcium of the rabbits' sera at the threehour or five-hour periods being not greater than 0.30 mM. per liter. In three of these cases show-'This case was kindly referred to us by Dr. A. M. Butler of the Children's Hospital, Boston. ing negative results the test was repeated on one or more occasions; the repeat tests were likewise negative. In one patient (Case 8) the test was positive, the rabbit calcium increasing by 0.47 mM. above the control at both the three-hour and fivehour periods.
The parathyroid glands were examined postmortem in 4 of the patients who died in uremia (Table III) ; one of these cases had renal rickets (Case 12). In each instance the glands showed enlargement and hyperplasia of the " secondary " type (23) (Table III) , the greatest hypertrophy being found in the patient with renal rickets. In all of these cases the parathyroid function test, performed from 1 to 4 months before death, was negative. In 2 of the 4 cases the concentrations of serum calcium were below 7.0 mgm. per 100 cc.
Other clinical conditions
During our investigations in patients with nephritis, we have also accumulated data on the results of the Hamilton and Highman test in a series of patients with Paget's disease, and a series with thyrotoxicosis.
The test was performed in 8 patients with ac- (20, 21, 22, 23) . Among the most striking cases of this enlargement are those occurring in patients with renal rickets in whom chronic renal insufficiency is of a marked degree and of long duration (13, 24, 25, 26, 27) . This enlargement has recently been shown to be due primarily to a chief cell or "secondary " hyperplasia (13, 20, 23, 26, 27) ; this hyperplasia, at times without apparent gross enlargement of the glands, occurs with regularity in all cases with chronic renal insufficiency of long duration (23) . Enlargement of the parathyroids and " secondary " hyperplasia has been found in other clinical AAA conditions such as rickets and osteomalacia (28, 29, 30, 31) and occasionally in Paget's disease (23, 32, 33) .
Whereas all cases with parathyroid tumors and accompanying parathyroid hyperfunction, and cases with the "primary" or Wasserhelle type of hyperplasia probably show, eventually, characteristic blood chemical, clinical, and x-ray changes, osteitis fibrosa and increased serum calcium are encountered relatively with great rarity in patients with the " secondary " type of hyperplasia (23). Castleman and Mallory (23) feel that the occasional development of osteitis fibrosa in patients with renal insufficiency depends upon a long duration of the disease.
The chief purpose of the Hamilton and Highman test is to discover the presence or absence of parathyroid hyperfunction in cases which are suspected of having hyperfunction due to " secondary" hyperplasia. The test would, if reliable, clarify the relationship between anatomical findings in such cases, and function.
Our original purpose in studying the parathyroid function test in patients with chronic renal insufficiency was to compare, in the same subject, the results of the test with the degree of enlargement and hyperplasia of the parathyroid glands found at postmortem examination, in those cases in which autopsies could be made. It was thought that the meaning of the test would be clarified through such studies. These thoughts were formulated and some of our results obtained before publication of Highman and Hamilton's communication concerning the parathyroid function test in nephritis (12) .
The negative results obtained with the test in 14 of our 15 patients with chronic renal insufficiency (Table II) (Table III) . Presumably, varying degrees of parathyroid enlargement and hyperplasia were present in the other cases of our study as well. As was reported above, Kajdi and Shelling (6) found indications of increased parathyroid function by the Hamilton and Schwartz test (1) in one case with renal rickets and marked enlargement of the parathyroid glands. However, these authors (6), and Bass and Paxter (38) found negative results in other cases of renal rickets who presumably also had parathyroid hyperplasia. Two of the cases of our series had renal rickets, and both showed negative results with the Hamilton and Highman test; postmortem examination in one of these cases revealed marked enlargement, with "secondary" hyperplasia, of the parathyroids.
Our series of nephritic cases accords with that of Highman and Hamilton (12) in that the patients had chronic nephritis and elevatidn of blood urea nitrogen. Most of our cases showed phosphorus retention and somewhat lowered plasma protein concentration; this is likewise true of Highman's series.
The concentrations of calcium in the sera of our nephritic cases were notably lower than those reported by Highman and Hamilton. The latter authors reported a serum calcium concentration below 8 mgm. per 100 cc. in only one of their series of 23 cases, whereas 10 of our 15 cases showed marked reduction in serum calcium concentration. Low calcium values have usually been found by others in patients with chronic nephritis and marked nitrogen and phosphorus retention (23, 34, 35, 36) . Low serum calcium and enlargement of the parathyroids with "secondary" hyperplasia may, and usually do, coexist in chronic renal insufficiency, as shown by cases in our series and in those of Castleman and Mallory (23) . It is worthy of note, in this connection, that in many of the reported cases of renal rickets, as well as in one of our cases (Case 15) with this condition, serum calcium values of 9.5 to 13 mgm. per 100 cc. have been found, in the presence of high serum concentrations of inorganic phosphorus and nitrogen (13, 26, 27, 38) . As mentioned above, very marked degrees of " secondary'" hyperplasia of the parathyroids are found in patients with this syndrome (13, 24, 25, 26, 27) .
It would appear from this discussion that in chronic renal insufficiency the results obtained with the Hamilton and Highman test are not reproducible in the hands of different investigators.
It is also true that in our hands the test does not indicate increased parathyroid hormone in the blood of certain patients who have enlarged parathyroid glands showing the " secondary " type of hyperplasia.
That Hamilton and Schwartz were unable to reproduce their original results (4) showing marked increase in the serum calcium concentration of rachitic rabbits given soluble calcium salts by stomach tube, is disturbing, because of the similarity of the theory and the practice of this procedure with that utilized in the parathyroid function test. This finding suggests either some peculiarity of technique which was not reproduced in their second trial and in that of McCoy (see reference (4)), or the inconstancy of the response of different series of test animals (4) . That the increases of serum calcium in individual rabbits differ considerably after a given dose of parathyroid hormone under the conditions of the Hamilton and Schwartz parathyroid function test has been recognized by Hamilton and Schwartz (1) and by Dyer (15) ; that large series of rachitic rabbits should vary inherently so importantly as to show consistent responses to calcium salts by stomach tube in individual animals within a series but quite opposite responses in other series is not understandable.
We have had no experience with the test in simple rickets or in pregnancy. As noted above we have found positive results in a certain percentage of cases with Paget's disease and cases with thyrotoxicosis. Our investigation in Paget's disease was prompted by the reported findings of enlargement and " secondary " hyperplasia of the parathyroid glands in certain individuals with this disease (23, 32, 33) ; the investigation in thyrotoxicosis was undertaken on the suspicion that the parathyroids might become hyperactive in the presence of hyperthyroidism, and because of the osteoporosis occasionally observed in patients with thyrotoxicosis (37). Kajdi and Shelling (6) have reported a positive result in a patient with osteitis fibrosa cystica; they found negative results in a few cases with Paget's disease.
On the basis of present knowledge we feel that the significance of the test is not dear; it cannot be stated, therefore, whether those cases in whom we obtained positive results had a greater degree of functional hyperparathyroidism than those in whom negative results were found. These findings do not accord with the large percentage of positive results found with the same test in a similar series of nephritic patients by the authors of the test.
2. In 4 of the nephritic cases of this study with negative results, the parathyroid glands were found, at postmortem examination, to be enlarged and to show "secondary" hyperplasia. One of these patients had renal rickets.
3. It is pointed out that the serum calcium values reported by Hamilton and Highman in their series are notably higher than those found by us and others in most patients with advanced renal insufficiency and phosphorus retention.
4. The parathyroid function test was found positive in some patients with thyrotoxicosis and some with Paget's disease.
5. Because of the conflicting results obtained with the method by different investigators the significance of the test is, at present, questionable.
We are indebted to Dr. Mark D. Altschule for dissection and histological examination of the parathyroid glands described in this communication.
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